Abstract: Most amphibians use both wetland and upland habitats, but the extent of their movement in forested habitats is poorly known. We used radiotelemetry to observe the movements of adult and juvenile eastern tiger salamanders over a 4-year period. Females tended to move farther from the breeding ponds into upland forested habitat than males, while the distance a juvenile moved appeared to be related to body size, with the largest individuals moving as far as the adult females. Individuals chose refugia in native pitch pine-oak forested habitat and avoided open fields, roads, and developed areas. We also observed a difference in potential predation pressures in relation to the distance an individual moved from the edge of the pond. Our results support delineating forested wetland buffer zones on a case-by-case basis to reduce the impacts of concentrated predation, to increase and protect the availability of pitch pine-oak forests near the breeding pond, and to focus primarily on the habitat needs of the adult females and larger juveniles, which in turn will encompass habitat needs of adult males and smaller juveniles.
Introduction
Habitat loss due to development and resource acquisition, especially in or near wetlands, has increasingly become an issue linked with amphibian decline [1] [2] [3] . Over half the wetlands in the United States have been lost to development and poor mitigation practices [4] [5] [6] [7] [8] . As a result, many populations of amphibians are pushed into smaller areas with minimal protection. The occupation of both wetland and forested upland habitats by many amphibian species has exacerbated the situation, necessitating policies that include both wetlands and adjacent non-wetland habitats [4, [7] [8] [9] [10] [11] [12] .
Studies that include both adult and juvenile amphibian movements are particularly critical because they provide insights into emigration (movements to and from breeding ponds) and dispersal (one-way movement from one breeding pond to another) behaviors [13] , and habitat requirements in upland forests [4, 7, 8, [10] [11] [12] [13] [14] . Details on survival and resource needs in upland habitat are often scarce, mainly because amphibians often live in forest floor refuges or tunnels throughout the nonbreeding period [14] [15] [16] [17] [18] [19] [20] [21] . Some reports suggest the use of "buffer" or "life" zones to protect upland habitat [4, [7] [8] [9] [10] [11] [12] 22] , and many of these studies were initiated because of immediate necessity for buffer zone policies in order to offer at least some protection for amphibians in a growing number of permit applications and court cases involving land development. Unfortunately, for some amphibian species, accurate and localized guidelines encompassing the long-term habitat use and survival of all classes of individuals within populations are still needed. Even where upland data are becoming more available, additional solutions for long-term population maintenance are necessary [3, 12, 14, 16, [23] [24] [25] [26] [27] .
Further complicating protection policy is the likelihood that the various sex and size classes within each species would have different resource needs [7, 12, 21, 23, [26] [27] [28] [29] . Potential differences in adult male and female movements and space needs have not been studied in detail in most amphibian species. Some studies have suggested that females may move farther from breeding ponds than males following the breeding season [25, [30] [31] [32] [33] [34] [35] [36] . Moreover, females tend to spend less time in breeding ponds than males, arriving later and emigrating earlier in the season [14, 16, 24, 35, 37, 38] . These differences could potentially imply different selection pressures or resource needs between sexes. Furthermore, if females move farther than males within a particular species, the protection of adequate forested buffer zones around breeding habitat becomes even more critical.
Knowledge of juvenile recruitment and movement is also crucial to conservation planning. Without an understanding of the presumably most vulnerable group of individuals within a species, appropriate conservation recommendations cannot be developed. Due to the small size of juvenile amphibians, few studies have looked at juvenile survival, habitat use, and movement. Most studies of juveniles have used drift fence and mark-recapture techniques as opposed to radiotelemetry [3, 12, 20, 27, 29, 30, 39, 40] , but there have been some successful studies with smaller species of salamanders using powder tracking and PIT tags [41] [42] [43] . While drift fence methods can provide some information on the extent and direction of juvenile movement, radiotelemetry allows the collection of data on hourly-daily travel, exact foraging areas, burrow use, number of movements, and predation. Potentially complicating the situation for juvenile emigrations are that juvenile body size and emergence can vary considerably with pond hydroperiod and water temperature [44, 45] . One study on Ambystoma tapoideum suggested that the number of successful juveniles was related to the pond hydroperiod [46] .
A model species for examining sex and size differences in habitat use and movement is the eastern tiger salamander (Ambystoma tigrinum). Adults and juveniles occupy both wetland and upland forested habitat, sexes have different resident times at breeding wetlands, and juveniles are large enough to follow using radiotransmitter implants [14, 34, 37, 38, 47] . This species is endangered in New York, USA, and at the time of this study, A. tigrinum was only consistently found in a few isolated populations on protected state, federal, and private lands in Suffolk County, Long Island, NY. The freshwater wetland act in New York includes regulation of an adjacent area extending 30 m perpendicular to the edge of the wetland, and only protects the wetland itself [48] . The New York State Department of Environmental Conservation (NYSDEC) also: (1) recommends 164 m buffer zones specifically for A. tigrinum, based on Semlitsch [4] , and (2) suggests that no more than 50% of upland habitat within 305 m of the breeding wetland be converted to unsuitable habitat [49] . Unfortunately, the latter two guidelines are not legal mandates within New York.
Our first objective of this study was to observe the extent and timing of the movements and habitat use of adult and juvenile eastern tiger salamanders (Ambystoma tigrinum) throughout the annual cycle. Our second objective was to determine if existing buffer zone requirements and recommendations in New York pertaining to freshwater wetlands were adequate to protect the necessary forested habitat for both sex and size-age class of this species. To fulfill these objectives, we used radiotelemetry to observe movements and habitat use of eastern tiger salamanders. We hypothesized that adult female tiger salamanders would travel greater distances into the upland forested habitat during emigration than males, potentially biasing zones of protection that are based on averaging emigration distances across both sexes [25, [30] [31] [32] [33] [34] [35] [36] . Second, we hypothesized that a percentage of juveniles would travel farther than the adults, since some juveniles disperse to other wetlands from the natal wetland, rather than simply emigrating, creating a need for safe dispersal routes connecting wetlands [50, 51] . Third, we predicted that the distance moved by juveniles would vary by body size, because larger juveniles could have more energy reserves and be less vulnerable to dehydration during movement [52, 53] . Fourth, we predicted that since habitat characteristics affect emigration movements [3, 12, 40] , adult and juvenile tiger salamanders would select refugia within the forested pitch pine-oak forest.
Methods

Study Site
Our study was centered around three focal breeding ponds (Figure 1 
Radiotelemetry Equipment
The radiotransmitter implants were 1.8 g BD-2H units with internal helix antennas (Holohil Systems Ltd., Carp, ON, Canada). Radiotransmitter frequencies ranged from 149 to 152 MHz with a 14-week battery life. We used an R-1000 radio receiver (Communications Specialists, Inc., Orange, CA, USA) and a fold-up, 3-element Yagi antenna for signal detection and direction determination. Signal detection distance averaged about 60 m.
Trapping and Surgical Procedures
Animals for radiotracking were captured from the ponds using dip nets and seines, or by using drift fences and pitfall traps. Four, 6 m-long aluminum fences were constructed at the northeast, southeast, northwest, and southwest corners of each pond, 3 m in distance from the pond edge. Five-gallon buckets were placed on the ends and in the center of the fence line and on each side of the fence to detect movement direction.
We used surgical and tracking techniques as outlined in Madison et al. [54] . Radiotransmitters were implanted into the coelomic cavity of each animal (35 males, 27 females and 62 juveniles; 9 males, 7 females, and 3 juveniles were reimplanted at least once) [55] . Animals were anesthetized using MS-222 (3-aminobenzoic acid esther methanosulfate salt) dissolved into a 0.25% solution using distilled water, and buffered with sodium bicarbonate to a pH of 7 [54] [55] [56] [57] . Animals were then rinsed with cool tap water to remove excess anesthetic and placed on a wet paper towel. Instruments and implants were sterilized in 95% ethanol. A 10 mm longitudinal incision was made in the left ventrolateral abdominal wall anterior to the left hind leg, an implant was inserted, and then a minimum of twelve sterile polyvioline sutures (LOOK 5-0) were used to close the incision.
Tracking Methods
Animals were released at dusk approximately 24 hours after surgery. Salamanders captured by drift fence sections were released on the opposite side of the fence in areas of high ground cover within 3 m of capture, giving the animal a choice of returning toward the pond or proceeding into upland habitat. Animals captured in the ponds were released in the water near the capture point.
After release, position checks were taken at least every 48 hours. Initial positions of salamanders were obtained by local triangulation [58] , and exact underground positions were determined by direct overhead localization [14, 54] .
All salamanders were in burrow systems when we needed to retrieve them for radiotransmitter replacement or removal. To excavate animals, we made channel cuts entirely around the position of the animal with a small hand shovel about 0.5 m from the position to a depth of 6 to 15 cm [14] . If the animal did not emerge from its burrow into these channels, we carefully excavated above the signal down to the animal. Refuge use and overall post-operative condition were determined upon retrieving salamanders [14] . When possible, radiotransmitters were surgically replaced with new ones after 11-13 weeks. Salamanders were released at dusk 24 hours after surgery in vegetative shelter no more than 2 m from the capture point.
Data Analysis
The maximum net distance from the breeding pond was computed using the Hawth's Analysis Tools extension for ArcGIS 9 software [59] . Animals with a zero distance recorded were not included in the analyses (N = 3 adults; N = 15 juveniles). These animals were not located after an initial fix was obtained post-release. We used Kruskal-Wallis and Mann-Whitney U tests for the remaining animals (N = 59 adults; N = 47 juveniles) to compare the number of days we tracked each individual and the maximum distance from the edge of the pond because these data deviated from normal distributions and did not normalize with standard transformations. We grouped data by males, females, and juveniles to determine potential differences between breeding ponds and age and sex classes. We used a t-test to compare body size of males and females. To determine if body size contributed to the distance an animal moved from the edge of the pond, Pearson correlation was used to determine the relationship between adult and juvenile body size and distance moved. Fisher exact probabilities were used to examine the relationship between radiotransmitter recovery and the last known location of adult animals from the edge of the breeding pond. Mann-Whitney U tests were used to compare the distances juveniles moved from the edge of the breeding pond when grouped by radiotransmitter recovery versus radiotransmitter loss (lost signals). All statistics were run using StatPlus statistical software for Microsoft Excel (AnalystSoft 2009, Alexandria, VA, USA) and were performed with α = 0.05.
Results and Discussion
In general, movements occurred at night during or following rain, with most short movements occurring soon after release following radiotransmitter replacement. We observed that animals tended to avoid open fields, building areas, and roads (both paved and firebreaks) (Figure 1 ). All major adult movements (>1 m) appeared to be seasonally bimodal, occurring either in the late winter-early spring following breeding or in the fall prior to breeding (Figure 2 ). Most major juvenile movements (>1 m) occurred during the mid-late summer upon emergence (Figure 2) .
For the salamanders radiotracked between 2005-2008, 33 males were monitored for an average of 68.6 ± 75.7 ( x ± SD) days, 26 females were tracked for an average of 108.8 ± 133.2 days, and 47 juveniles were tracked an average of 45.8 ± 45.1 days (Table 1 ). All adults were captured at the breeding ponds in the winter-spring months during breeding with the exception of one male, which was found sharing a burrow with an already implanted male in July. figure. The movements of males and females appear to be bimodal, with large movements in the spring following emigration from the breeding pond and shorter movements in the fall. The majority of large juvenile movements coincide with leaving the natal ponds beginning in mid-June and continuing through September.
Males from ponds L1 and L7 moved, on average, twice as far as males from pond L3 (H = 6.783, P = 0.034; Figure 1 ). In order to determine if the duration of tracking was a factor in this difference, we compared the number of days individual males were tracked from each pond. There was no difference in the values between each breeding pond (H = 3.960, P = 0.138; Table 1 ).
Most females from ponds L1 and L7 moved farther from the breeding pond than the females from pond L3, but these differences were not significant (H = 4.713, P = 0.095; Figure 1 ). The number of days females were tracked at each breeding pond did not appear to be a factor in the distances traveled from these ponds (H = 2.767, P = 0.251; Table 1 ).
Due to the differences between ponds, we compared adult male and female movement at each pond separately. Females traveled farther than males at all breeding ponds (Table 2 ). Males and females from each pond were tracked a similar number of days (L1 Z = 0.194, P = 0.846; L3 Z = 0.476, P = 0.634; L7 Z = 1.590, P = 0.112). In order to determine whether adult body size varied with emigration distance, we compared body sizes of males and females and found no difference (t = 2.002, P = 0.982), nor was there a correlation between body mass and distance traveled (Pearson correlation coefficient = 0.137, P = 0.300). All juveniles were either captured by seine just prior to metamorphosis or by drift fence bucket upon emergence from the breeding ponds late June through September. Juveniles at pond L3 traveled greater distances than those at L1 and L7 (H = 7.065, P = 0.029) despite no difference in tracking time duration (H = 2.767, P = 0.251). Juveniles at pond L1 exhibited similar movement distances to both males and females (Table 2) . At pond L3, juveniles moved significantly farther than the adult males and females (Table 2) . Females, on average, moved farther than juveniles at pond L7, while juveniles did not differ from males at the same wetland (Table 2 ). This variation in juvenile movement prompted us to compare body size and distance traveled by juveniles. We observed a significant positive correlation between juvenile body size and the distance traveled (t = 2.988, P = 0.005; Figure 3 ). After acquiring at least an initial emigration location, implant signals were eventually lost (and implants not recovered) for 49 animals (9 males, 18 females, 22 juveniles), while we recovered implants for 57 individuals (24 males, 8 females, 25 juveniles). Predation events were included in the numbers for radiotransmitter recovery. One adult male was depredated by a bullfrog (Lithobates catesbeianus) within a pond, one female was partially consumed about 23 m from the edge of the breeding pond by a raccoon (Procyon lotor), while moving in the direction of the breeding pond, and one female was found dead above her burrow with an eviscerated gut following a rain event, about 40 m from the breeding pond. We can attribute four juvenile losses to predation by a bullfrog (within the pond), a ribbon snake (Thamnophis sauritus) (20 m from the pond), a hognose snake (Heterodon platirhinos) (32 m from the pond), and a northern short-tailed shrew (Blarina brevicauda) (50 m from the pond). Live animals and bare radiotransmitters (no longer implanted in the salamander) were almost always found in burrows in forested pitch pine-oak forest with microhabitat characteristics similar to that described by Madison and Farrand [14] (i.e., small mammal burrows or self-excavated burrows) (Figure 1 ). We recovered a greater proportion of radiotransmitters from males (72.7%, 24 of 33) than females (30%, 8 of 26), and therefore lost more transmitter signals from females (Fisher exact probability, P = 0.001). There were no significant differences between the numbers of radiotransmitters recovered (N = 25) versus lost (N = 22) for juveniles, but we were more likely to eventually recover a radiotransmitter from juveniles remaining close to the breeding pond (Z = 2.750, P = 0.006; Figure 3 ). Finally, we compared general distance or all individuals and transmitter recovery, and we found that we were more likely to recover a transmitter from an adult animal that stayed near the pond, regardless of sex or age (Z = 2.392, P = 0.018).
In order to compare our findings with current regulations, we plotted the final refugia for each male, female, and juvenile in relation to the buffer zone requirements in New York (Figure 1 ). There were no females found within the 30 m buffer. At ponds L1 and L7, only one male and 4 juveniles were found within the 30 m buffer. At pond L3, 7 males and 3 juveniles were found in forested refugia within the 30 m buffer. The majority of the total population at each pond fell within the 164 m buffer, however, 31% of females and 26% of juveniles exceeded this distance.
Conclusions
Our findings that eastern tiger salamander males, females, and different-sized juveniles migrate to different distances from the breeding ponds can be best explained by different selection pressures for each sex-size class.
Males remaining closer to the breeding ponds would benefit from more rapid return in spring to compete for the earliest arriving females [25, [30] [31] [32] [33] [34] [35] [36] . The cost of sperm production is relatively low in most species [60] , so it is likely that these males reproduce annually, as well [34, 39] . In order to maintain the energy reserves necessary for reproduction, males likely benefit from high seasonal availability of invertebrate prey near the breeding ponds [61, 62] . However, the cost of remaining close to the pond may be increased predation, as supported by the greater number of bare implants of the males close to the pond. Because our laboratory studies show no sloughing of implants [55] , finding bare implants is assumed to be the result of active predation closest to the pond, hence greater predation rates among those males remaining near the breeding pond. Many terrestrial and fossorial predators, such as the northern short-tailed shrew (Blarina brevicauda), require moist environments [63, 64] , and due to the sandy loam soil in this region, open canopy areas surrounding wetlands are optimal habitat for tunneling by shrews. Since the eastern tiger salamander has been shown to utilize small mammal burrows as refugia [14] , there is an increased chance of depredation when salamanders use small mammal burrows. We observed at least one shrew predation event of a male tiger salamander by recovering a radiotransmitter from a burrow within 50 m of the breeding pond with shrew tooth marks on the radiotransmitter itself. Even with this predation risk, accessibility to incoming females and the low cost of sperm production, coupled with increased prey abundance near the breeding ponds, likely outweighs the energy expended on predator avoidance in male A. tigrinum. On the other hand, females may not reproduce every year [65, 66] , so moving further from the pond edge, avoiding potential increased burrow predation, and building resources over time may be a strategy as to why females choose refugia further from the breeding ponds.
Our observation that larger juveniles travel farther than smaller juveniles from the breeding ponds was expected. Smaller juveniles remaining closer to the breeding ponds upon emigration likely risk depredation (as discussed above) as a trade-off for higher prey availability. One study on Ambystoma annulatum observed that 23% of juveniles were depredated by anurans during the first night upon emigration [67] . Smaller juveniles may not have the water or fat reserves necessary to move great distances, so if individuals can survive staying closer to the breeding pond, the more abundant food availability would allow them to continue growing at a faster rate post-metamorphosis [52, 53, 61, 62, 68] . Larger juveniles are able to move larger distances from the breeding ponds upon emigration, likely due to higher body water and fat reserves (i.e., lower surface area to volume ratio), and optimal time for larval development [52, 53, 68] . Body size of juvenile amphibians has been linked to the temperature and hydroperiod of a natal pond, indicating the importance of maintaining optimal wetland hydroperiods sufficient for full larval development [69] . If juveniles are able to feed and grow in optimal conditions, the chances of survival likely increase if they can emigrate far enough from the breeding pond to avoid depredation.
Traditionally calculated circular buffer zones appear to be an inadequate tool for suggesting the amount of land necessary to protect a viable breeding population of tiger salamanders on Long Island. The current legal standard of 30 m in New York would not protect any of the females we tracked in this study. Semlitsch [4] , suggested that a minimum of 164 m as a buffer zone would be necessary to protect >95% of most populations. While New York recommends this distance to be used as a buffer for these populations, our data suggest that only about 80% of this population would be protected. These calculations do not take into consideration, however, the influence of disturbance along the edge of a buffer zone, or edge effects, which have been estimated to reach as far as 50 m into a buffer zone [70] . Using the recommended 164 m buffer zone and considering a 50 m depth of edge effects leaves a core zone of protection of only 114 m. This zone would only fully protect about 62% of the core upland habitat utilized by the females and juveniles from our study populations. This zone will also encompass unsuitable habitat at two of the ponds, as A. tigrinum utilized predominately pitch pine-oak forest and avoided open areas (e.g., fields, firebreaks), planted white pine stands, and developed areas. If zones were designed to encompass the maximum amount of suitable habitat and, preferably, a corridor allowing for dispersal to other wetlands, a majority of the population would be protected. Such forested corridors appear to exist for most of the Long Island tiger salamander populations and if maintained, can allow for population connectivity between breeding ponds [71] , and additional modeling using techniques such as kernel resistance measures [71] [72] [73] can provide improved recommendations for protection zones surrounding wetland habitats. Although Harper et al. [8] have simulated the effects of different buffers and the probability of extinction, exact numbers of each age and sex class needed to maintain a viable population cannot be determined in this study. It is essential to the survival of these populations to maintain a healthy number of breeding females and ensure juvenile survival to breeding age by managing for large tracts of native pitch pine-oak forests.
Our results support the need to manage large tracts of pitch pine-oak forests to maintain healthy eastern tiger salamander populations, especially to provide habitat for females and juveniles. Standard buffer zones may exclude significant areas of optimum habitat, while including some land that could be developed carefully as to minimize edge effects on the wetland itself. Creating buffer zones that encompass the maximum amount of viable habitat and creating corridors to allow for dispersal, while allowing for careful development in some areas, requires further research, but may end up protecting more viable upland habitat in the long run.
